Introduction
============

Acute leukemia (AL) is a malignant tumor of the blood system and frequently occurs in children with a high mortality rate, three quarters of the cases are acute lymphoblastic leukemia ([@b1-ol-0-0-7731],[@b2-ol-0-0-7731]). At present, chemotherapy dominates in the treatment method of AL. In the chemotherapy induction period of AL, patients often suffer from fever and infection, the latter of which is the main complication in the chemotherapy induction period, as well as the leading cause of death of patients ([@b3-ol-0-0-7731]). Community-acquired pneumonia (CAP) is an infectious pulmonary parenchymal inflammation; in particular, severe community-acquired pneumonia (SCAP) has not only respiratory symptoms and respiratory failure, but also septic shock, sepsis and other manifestations involving other systems ([@b4-ol-0-0-7731]). Under the influence of chemotherapy drugs, patients in chemotherapy induction period of AL suffer from low immune function, invasion of a variety of pathogens and accompanying SCAP, which not only seriously threatens the health of patients, but also greatly increases the fatality rate. Moreover, it consumes many medical resources and brings a heavy economic burden to the family and society ([@b5-ol-0-0-7731],[@b6-ol-0-0-7731]). In order to understand the risk factors of SCAP in the chemotherapy induction period of AL and to develop the corresponding prevention and control strategies, this investigation was performed.

Patients and methods
====================

### General materials

Eighty-six patients with CAP in chemotherapy induction period of AL treated in Dezhou Hospital from March 2014 to February 2017 were selected as the objects of study. Inclusion criteria: 1) patients diagnosed as AL via bone marrow puncture; 2) patients in chemotherapy induction period meeting the diagnostic criteria of CAP; 3) patients who signed the informed consent. Exclusion criteria: 1) patients with pulmonary embolism and suspicious pulmonary embolism; 2) patients without complete clinical data, affecting the score. Patients enrolled were divided into observation group (SCAP group, n=45) and control group (non-SCAP group, n=41) according to the acute physiology and chronic health evolution II (APACHE II) score. There were no statistically significant differences in the general conditions between the two groups (P\>0.05) ([Table I](#tI-ol-0-0-7731){ref-type="table"}).

### Chemotherapy induction period

Patients in the two groups were treated with remission induction therapy using CCLG-08: 1) Days 1--7: Prednisone tablets (Pred) were given at a dose of 60 mg/(m^2^ × days); 2) day day 8: Pred was withdrawn and Dex was given; the dose was reduced from day 29, reduced by half within 3 days and withdrawn within 9 days; DNR was given twice at days 8 and 15 at a dose of 30 mg/m^2^ each time; L-ASP was given at days 8, 15, 22 and 29 once every 3 days at a dose of 5000 U/m^2^ each time; VCR was give for a total of 8 times at days 8, 11, 14, 17, 20, 23, 26 and 29 at a dose of 1.5 mg/m^2^ each time; 3) Patients were treated with MTX at 1, 15 and 33 days. The study was approved by the Ethics Committee of Dezhou People\'s Hospital (Shandong, China).

Coping strategies
-----------------

### Relevant treatment

Once being diagnosed as CAP, patients were treated with empirical antibiotic treatment first and antibiotic de-escalation therapy to stabilize the disease to the full extent; the individualized drug was selected according to the multi-resistant bacterial infection, and the initial experiential therapy was transformed into the targeted therapy later. The corresponding strategy was taken for different complications: patients complicated with respiratory failure should be treated with ventilator for oxygen inhalation to improve the ventilation; patients complicated with empyema should be treated with thoracocentesis to detect whether it was transudate or pus, and early drainage should be performed as soon as possible; patients with septic shock should be treated with small- and medium-dose glucocorticoid; and patients with infectious shock should be treated with 300 mg hydrocortisone every day.

### Nursing cooperation

Patients should be cared during the treatment, including: 1) environmental nursing: nurses should strengthen the ward management, isolate and disinfect, and regularly ventilate the ward and disinfect the air; 2) nursing procedure: nurses should strictly implement the aseptic operations and all nursing procedures together, clean the hands to avoid cross infection; 3) oral nursing: nurses should guide patients to clean the mouth with normal saline after three meals, before going to bed and getting up in the morning; those with fungal infection should clean their mouth with 2% sodium bicarbonate; 4) skin care: patient\'s skin should be kept clean through the hip bath using patassium permanganate solution (1:5,000) before going to bed and after toilet every day, and nurses should observe the skin fold of the whole body of patients every day to check whether there was any sign of infection.

### Evaluation indexes

Patients\' condition was evaluated using the sequential organ failure assessment (SOFA) score developed by the European Society of Intensive Care Medicine (ESICM) ([@b7-ol-0-0-7731]), and the respiratory system, coagulation system, liver, circulatory system, neurological system and renal system were scored (0--4 points). The score of each item was added to obtain the total score, and the total score was positively correlated with the severity of disease.

Before treatment and at 3, 5 and 7 days after treatment, the serum procalcitonin (PCT) level was detected via enzyme-linked fluorescent assay (ELFA), the serum C-reactive protein (CRP) level was detected via enzyme-linked immunosorbent assay (ELISA) and the serum D-dimer (D-D) level was detected via immunoturbidimetric method. The relevant kits were provided by Beckman Coulter, Miami, FL, USA, and the operations were in strict accordance with the kit instructions.

### Statistical analysis

Data were processed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA) software. Measurement data were presented as mean ± standard deviation, and t-test was used; enumeration data were presented as ratio, and Chi-square test was used; Logistic regression analysis was used for the influencing factors of SCAP. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Total distribution of pathogens in patients in the two groups

The total distribution ratio of pathogens from high to low in the two groups was as follows: bacterium, virus, fungus, mycoplasma and *Chlamydia trachomatis*; there was no significant difference between the two groups (P\>0.05) ([Table II](#tII-ol-0-0-7731){ref-type="table"}).

### Analysis of the relevant factors affecting SCAP

Univariate analysis showed that the repeated infection, SOFA score, PCT, D-D and CRP levels and multi-resistant bacterial infection had influence on SCAP (P\<0.05) ([Table III](#tIII-ol-0-0-7731){ref-type="table"}).

### Analysis of influencing factors of SCAP

With the occurrence of SCAP as a dependent variable, and with repeated infection, multi-resistant bacterial infection, SOFA score, PCT, D-D and CRP levels as independent variables, Logistic regression analysis showed that the repeated infection (OR=3.315, P=0.005), multi-resistant bacterial infection (OR=1.915, P=0.008) and D-D (OR=1.936, P=0.009) were independent risk factors for SCAP (P\<0.05) ([Table IV](#tIV-ol-0-0-7731){ref-type="table"}).

### Comparisons of SOFA score, PCT, D-D and CRP levels in patients

At 3, 5 and 7 days after treatment strategies were taken, the SOFA score, PCT, D-D and CRP levels in the two groups were significantly decreased, and they were obviously higher in observation group than those in control group (P\<0.05) ([Tables V](#tV-ol-0-0-7731){ref-type="table"}--[VIII](#tVIII-ol-0-0-7731){ref-type="table"}).

Discussion
==========

With the progress in cytogenetics, molecular biology and other medical technologies, the remission rate of AL has greatly improved and reached more than 90%, and the 5-year survival rate of patients can also reach more than 80% ([@b8-ol-0-0-7731]). However, the infection in the chemotherapy induction period is the leading cause of death of patients, mainly because the chemotherapy induction period is long, and patients have to receive chemotherapy every week, so the bone marrow suppression is obvious and granulocyte deficiency lasts for a long time. Besides, the disease itself will damage the humoral immunity and cellular immunity, the patient\'s immunity is decreased, combined with a large number of side effects due to long-term application of chemotherapy drugs, so the normal mucosal barriers of digestive tract and respiratory tract will be damaged ([@b9-ol-0-0-7731]--[@b10-ol-0-0-7731]). AL patients are susceptible to the invasion of pathogenic bacteria, thus suffering from infection, mainly respiratory virus infection that frequently occurs in the lungs ([@b11-ol-0-0-7731]).

When the pathogen invades the lower respiratory tract of AL patients, it will cause structural and functional damage to lung and tracheal tissues, lead to the changes in respiratory rhythm and frequency, dyspnea and other serious respiratory symptoms. CAP frequently occurs, which is closely related to the immune, defense and hematopoietic dysfunction, application of chemotherapy drugs, hormones and broad-spectrum antibiotics and long LOS due to induction therapy ([@b12-ol-0-0-7731]--[@b14-ol-0-0-7731]). The results of this study showed that the total distribution ratio of pathogens from high to low in the two groups was as follows: bacterium, virus, fungus, mycoplasma and chlamydia trachomatis; there was no significant difference between the groups (P\>0.05), indicating that the infection pathogens of either SCAP or non-SCAP patients are mostly bacteria and viruses.

In this study, Logistic regression analysis showed that the repeated infection (OR=3.315, P=0.005), multi-resistant bacterial infection (OR=1.915, P=0.008) and D-D (OR=1.936, P=0.009) were independent risk factors for SCAP (P\<0.05). This is because Gram-negative bacteria dominate in the infectious bacteria of SCAP, and *Pseudomonas aeruginosa* is the most common, followed by *Klebsiella pneumoniae*, *Staphylococcus aureus* and *Staphylococcus epidermidis* ([@b15-ol-0-0-7731]). With the repeated infection, changes in pathogenic bacteria and increased bacterial resistance in patients, multi-resistant bacterial infection will be caused. If it is not controlled satisfactorily, multi-resistant bacterial infection will lead to multiple organ dysfunction and internal environment disorders, so patients are prone to SCAP and suffer from multiple organ failure, eventually leading to death. When the D-D level is too high, the risks of vasoactive agent or mechanical ventilation will be increased for CAP patients. Moreover, D-D plays an important role in the occurrence and development of inflammation and the disease will constantly progress into SCAP.

Organic damage in SCAP patients will release a variety of markers, such as PCT, CRP and D-D. The detection of these markers can predict the prognosis ([@b16-ol-0-0-7731]). PCT is a precursor of calcitonin, which is an inflammatory factor without hormone activity, as well as a commonly-used marker in clinic. It is produced by the thyroid gland in a normal state and its level is low (\<0.0025 µg/ml) ([@b17-ol-0-0-7731]), so it is almost undetectable. When infection occurs, other organs will release PCT. In the 1930s, CRP, as a kind of acute-phase response protein, was found. When the body is infected, CRP concentration will be rapidly increased under the stimulation of invasion factors. Therefore, it is often used as an inflammatory marker in clinical practice. Moreover, the CRP level will increase with the increase in CAP severity ([@b18-ol-0-0-7731]). D-D is the smallest fragment of specific product after fibrous protein is hydrolyzed by plasmin, which can reflect the formation of thrombin and the activity of plasmin. Its content in the body is less than 280 ng/ml and even undetectable in normal state ([@b19-ol-0-0-7731]). D-D plays an important role in the occurrence and development of inflammation. When the body is infected, a variety of inflammatory factors will be released, damaging the vascular endothelial cells and resulting in decline in function, which activates the coagulation system, consumes a large number of coagulation factors and causes the patient\'s blood into hypercoagulable state ([@b20-ol-0-0-7731]). The results of this study showed that at 3, 5 and 7 days after effective treatment strategies were taken, the SOFA score, PCT, D-D and CRP levels in the two groups were significantly decreased, and they were obviously higher in observation group than those in the control group (P\<0.05). This is because of the targeted therapeutic regimens and careful nursing, thus alleviating the patient\'s inflammation and effectively controlling infection. After the stimulations of inflammation-causing substances and invasive factors are eliminated, the concentrations of various markers will rapidly decline and even return to normal; the decline in SOFA score dynamically reflects the remission process of disease. The indexes of observation group were significantly higher than those of control group, which may be related to the fact that the serious conditions of patients are effectively alleviated through the effective intervention strategy, but the expected effects may not be achieved in a short-term.

In conclusion, repeated infection, a high D-D level and multi-resistant bacterial infection are risk factors of SCAP in the chemotherapy induction period of AL. After the corresponding coping strategies are taken, patient\'s condition and prognosis can be effectively evaluated through the dynamic monitoring of changes in PCT, CRP, D-D levels and SOFA score, thereby reducing the mortality rate.

###### 

General materials of objects of study.

  Item                             Observation group (n=45)   Control group (n=41)   t/χ^2^ test   P-value
  -------------------------------- -------------------------- ---------------------- ------------- ---------
  Sex (male/female)                24/21                      21/20                  0.001         0.984
  Age (years)                      0--25                      1--26                                
  Average age (years)              17.86±3.49                 17.75±3.52             0.145         0.885
  Weight (kg)                      52.43±3.26                 52.85±3.18             0.604         0.547
  Acute lymphoblastic leukemia     38 (84.44)                 36 (87.80)             0.019         0.891
  Acute non-lymphocytic leukemia     7 (15.56)                  5 (12.20)                          

###### 

Total distribution of pathogens in patients in the two groups.

  Pathogen                  Observation group (n=45)   Control group (n=41)   χ^2^ test   P-value
  ------------------------- -------------------------- ---------------------- ----------- ---------
  Bacterium                 19 (42.22)                 16 (39.02)             0.339       0.987
  Virus                     10 (22.22)                 11 (26.83)                         
  Fungus                      7 (15.56)                  6 (14.63)                        
  Mycoplasma                  5 (11.11)                  5 (12.20)                        
  *Chlamydia trachomatis*   4 (8.89)                   3 (7.32)                           

###### 

Univariate analysis of influencing factors of SCAP.

  Factor                                Observation group (n=45)   Control group (n=41)   t/χ^2^ test   P-value
  ------------------------------------- -------------------------- ---------------------- ------------- ---------
  Sex (n, %)                                                                              0.001         0.984
    Male                                24 (53.33)                 21 (51.22)                           
    Female                              21 (46.67)                 20 (48.78)                           
  Age                                   17.86±3.49                 17.75±3.52             0.145         0.885
  Respiratory rate                      37.86±3.49                 38.25±3.52             0.515         0.608
  Long-term bed rest (n, %)                                                               0.007         0.935
    Yes                                 19 (42.22)                 16 (39.02)                           
    No                                  26 (57.78)                 25 (60.98)                           
  Repeated infection (n, %)                                                               9.291         0.002
    Yes                                 37 (82.22)                 20 (48.78)                           
    No                                    8 (17.78)                21 (51.22)                           
  SOFA score                            9.85±3.13                  7.32±3.18              3.716         \<0.001
  PCT (ng/ml)                           5.89±3.23                  3.36±3.28              3.601         0.001
  D-D (ng/ml)                           847.89±31.43               523.83±26.34           51.549        \<0.001
  CRP (mg/l)                            127.35±14.23               67.37±9.26             22.922        \<0.001
  Multi-resistant bacterial infection                                                     16.560        \<0.001
    Yes                                 35 (77.78)                 17 (41.46)                           
    No                                  10 (22.22)                 24 (58.54)                           

SCAP, severe community-acquired pneumonia; SOFA, sequential organ failure assessment; PCT, procalcitonin; D-D, D-dimer; CRP, C-reactive protein.

###### 

Logistic regression analysis of influencing factors of SCAP.

  Factor                                β       SE      Wald    OR      95% CI         P-value
  ------------------------------------- ------- ------- ------- ------- -------------- ---------
  Repeated infection                    0.767   0.673   5.421   3.315   1.106--5.854   0.005
  CRP                                   0.605   0.504   3.425   0.946   0.196--1.142   0.212
  D-D                                   0.566   0.649   6.753   1.936   1.075--3.212   0.009
  Multi-resistant bacterial infection   0.633   0.417   5.524   1.915   1.103--3.347   0.008
  PCT                                   0.156   0.446   2.703   0.734   0.275--0.912   0.306
  SOFA score                            0.315   0.486   3.292   0.846   0.225--1.373   0.213

SCAP, severe community-acquired pneumonia; CRP, C-reactive protein; D-D, D-dimer; PCT, procalcitonin; SOFA, sequential organ failure assessment.

###### 

Comparison of sequential organ failure assessment (SOFA) scores of patients between the two groups in different time.

  Group               n    Before treatment   3 days      5 days      7 days      F-value   P-value
  ------------------- ---- ------------------ ----------- ----------- ----------- --------- ---------
  Observation group   45   9.85±3.13          8.72±3.21   8.04±2.34   7.03±2.04   26.134    \<0.001
  Control group       41   7.32±3.18          6.64±3.38   5.52±2.47   5.09±2.13   18.512    \<0.001
  t-test                   3.716              2.926       4.858       4.313                 
  P-value                  \<0.001            0.004       \<0.001     \<0.001               

###### 

Comparison of procalcitonin (PCT) levels in patients between the two groups in different time (ng/ml).

  Group               n    Before treatment   3 days      5 days      7 days      F-value   P-value
  ------------------- ---- ------------------ ----------- ----------- ----------- --------- ---------
  Observation group   45   5.89±3.23          3.32±1.15   2.23±1.04   1.15±0.83   18.718    \<0.001
  Control group       41   3.36±3.28          2.54±1.47   1.53±0.75   0.78±0.44   27.432    \<0.001
  t-test                   3.601              2.753       3.549       2.812                 
  P-value                  \<0.001            0.007       0.001       0.005                 

###### 

Comparison of D-dimer (D-D) levels in patients between the two groups in different time (ng/ml).

  Group               n    Before treatment   3 days         5 days         7 days         F-value   P-value
  ------------------- ---- ------------------ -------------- -------------- -------------- --------- ---------
  Observation group   45   847.89±31.43       785.98±28.15   604.84±21.04   562.48±19.02   48.643    \<0.001
  Control group       41   523.83±26.34       466.89±21.27   315.72±19.35   284.65±15.24   43.726    \<0.001
  t-test                   51.549             58.859         66.121         74.285                   
  P-value                  \<0.001            \<0.001        \<0.001        \<0.001                  

###### 

Comparison of C-reactive protein (CRP) levels in patients between the two groups at different times (ng/ml).

  Group               n    Before treatment   3 days         5 days       7 days       F-value   P-value
  ------------------- ---- ------------------ -------------- ------------ ------------ --------- ---------
  Observation group   45   127.35±14.23       105.38±11.35   84.54±9.14   62.09±8.12   41.603    \<0.001
  Control group       41   67.37±9.26         56.27±7.46     45.32±5.42   34.37±3.48   29.456    \<0.001
  t-test                   22.922             23.464         23.905       20.224                 
  P-value                  \<0.001            \<0.001        \<0.001      \<0.001                

[^1]: Contributed equally
